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Mk 8] AND Mk 82 BOMB RELEASE CURVES 


Prepared by: 
Marvin Kasper 
Arthur Wrenn 


ABSTRACT: A study was conducted to determine the release 
envelopes for the Mark 81 and Mark 682 bombs in the retarded 

and unretarded modes. Release curves are presented for release 
velocities between 200 and 600 knots. Aircraft pullout limits 
and line of sight between pilot and target limits are indicated 
on the release curves. The time of fall of the bomb is also 
indicated on the curves. The curves presented are not intended 
to replace the ballistic table but rather to present them in a 
more usable form for the fuze designer and analyst. 
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Mk 81 and Mk 82 Bomb Release Curves 


This report contains the release envelopes for the Mark 81 
and Mark 82 bombs in both the retarded and unretarded modes. 
This work was performed under Bureau of Naval Weapons WEPTASK 
RM37 73002/212 1/8470 BC 02, Problem Assignment 1, Bomb and 


Air Rocket Fuzs Fleet Support. 
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INTRODUC TI 03) 


1, The purpose of this study is to aid in the determination 
of what delivery conditions can be used to hit. a target with 

e Mark 81 and Mark 82 bombs in either the retarded or unre- 
tarded modes. The study is also concerned with the téctics 
that the delivery aircraft uses after releasing the bomb, in 
that the recovery altitude of the aircraft under a given set 
of release conditions is also investigated. Several questions 
which this report attempts to answer are: 


a. For a given release velocity, relvase (dive) angle, 
and altitude: 


(1} At what horizontal distance from the terget 
should the bomb be dropped in order to hit the target? 


(2) At wnat altitude will the aircraft be able to 
recover from its dive? 


(3) What is the time of tall of the bomb? 


b. For a given velocity, angle, and pullout recovery 
altitude; 


(1) At what altitude should the Lomb be released? 


(2) At what horizontal distance from the target 
shoulti the bomb be dropped? 


(3) What is the time of fali of the bomb? 


MATHEMATICAL METHOD 


2. Yo cetermine the release enveicpes of a given bomb a set 

of release conditions, such as release velocity, bomb ejection 
velocity, and teJease angle, must first be chosen. An arbitrary 
cet of release altitudes is now selected and under the given 
celease conditions the corresponding time of fall and horizontal 
distance of bomb travel during fall is determined. To hit a 
given target, a bomh that is released at cne ot the arbitrary 
altitudes must also be at the d2termined horizontal distance 
from the target. For a given set of release conditions, the 

set of release altitudes is plotted against their corresponding 
horizontal distance from the target. On each graph. (Figures1] 
through 108) a series of these altitude vs. horizontal distance 
curves 1s plotted; one curve for each release (dive) angle. 
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Time is regarded as a parameter on these release curves. In 
addition to determining the horizontal distance cf bomb travel, 
the time of fall cof the bomb is aiso determined for each member 
of the set of release altitudes. By interpolation between 
these determiicd vulues of the time of fall, a point on each 
release curve for which the bomb will have a given time of fall 
can be located. In this way constant time of fall curves can 
be drawn of each graph. 


3. For @ given altitude the horizental distance the bomb 
travels is determined by solving a set of simultaneous differ- 
ential equations. The equations of motion: 


X = Dx 
Y = p¥-g 
where 


X= tha horivortal velocity of the bomb 

X = the horizontal acceleration of the bomb 
Y = the vertical velocity of the bomb 

Y= the vertical acceleration of the bomb 


are written with the assumption that the only forces acting 
on the bomb are due to drag (D) and gravity bey. Drag is 
assumed to be acting in the opposite direction of the velocity 
vector, and gravity is assumed to be varying with altitude. 


4. The drag coefficient of the Mk 81 and Mk 82 bombs in the 
unretarded mode was obtained from reference (a). The drag 
coefficient of the Mk 81 and Mk 82 bombs in the retarded mode 
was obtained from equations in reference (b) and reterence (c) 
respectively. Atmospheric properties are determined by using 
the 1959 ARDC model atmosphere. 


4, Each set of release conditions yhalds a release curve, 

and a given release altitude detera ies a release point on 

this curve, There exist certain conditions which limit the 
release altitudes and as a result restrict the possible release 
points to a segment of the release curve. One of these condi-~ 
tions is the lead angle which is the limiting angle between the 


. line of sight from the pilot to the target and the aircratt 


axis. (See following illustration.) Each release curve may 
have at most one limit point induced by the lead angle. By 
Joining the lead angle limit points we can obtain a curve of 
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limit points corresponding to this lead angle. If the release 
angle is sufficientiy large, the reiease curve corresponding 

to this release angle and all release curves for larger release 
angles will not hsve jead angle limit points. 


6. Another Limiting conditions on each release curve is the 
recovery altitude of the aircraft for a givan pullout, The 
release altitude A corresponding to puilout at aliitude HK is 
calculated by the following equations: (See scllowing illus- 


tration.) 
A = V+T+SIN @ 4 Dt! 


where 
V = colease velocity of the bomb, f.e., aircraft velocity 


T = the delay in time when the pllot initiates pullout 
and when pullout actually begins 


O-= release angie 


D = the loss in altitude during pullout which is given by 
the following equation: 
p= avn (ele - COS M) 
32.9 ‘6-1 © G-lOS SH 


were 
G:number of gts experienced by the pilot during pullout, 


The ranga corresponding to release at altitude A is determined 
by interpolation on the release curve. By joining the limit 
points on each releasa curve corresponsing to a recovery ulil- 
tude H a pullout curve can be cetermined for a given set of 
release valovity, ejection velocity, and number of g's during 
pullout. By using different values of AH, a series of pullout 
curves can be plotted on each grarh. 


The release curves for the Mk 81 and Mk 82 bombs are given 

for releasa velocities (speeds) varying from 200 to 600 knots 

in 50-knot increments and for 2.0g and 4.0g pullout. Release 
curves are given for ejection velocities of O and 10 fps in the 
retarded mode and for 10 fps only in the free fall (unretarded) 
mode. Figures 1-36 are the Mk Sl retarded release curves, 

Figuros 37-72 are the Mk 82 returded release curves, Figures 73-90 
are the Mk 81 unretarded release curves, and Figures 91-108 are 
the Mk G2 unretarded release curves. 
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8. There is an error in Figures 1-72. On these curves the 
point corresponding to a release angle of O degree and a 
release altitude of 50 feet is incorrect. Table 1 is a table 
of corrections for these graphs. The values of horizontal 
range in this table should be used instead of the points in- 
dicated on the graphs for 50-foot altitude and O-degree angle 
and the segment of the O-degree release curve between O and 
100-foot attitude should be adjusted to account for the cor- 
rected value. 


9. On a given graph there are 5 variables that are considered: 
release ungle, release altitude, horizontal distance of bomb 
travel, time of fall, and pullout altitude. If 2 of these 
variables are known the other 3 can be determined. On the 
graphs it is assumed that pullout is initiated as soon as the 
bomb is released and that there is a 2.25-second delay between 
the time when the pilot initiates pullout and when pullout 
actually ret Bat The best way to explain how the curves are 
to be used is through several illustrative examples. 
a. Example }: 
Given: 

(1) Bomb - Mk 82 

(2) Mode - retarded 

(3) Ejection velocity - 10 fps 

(4) Release velocity (speed) - 450 knots 

(3) Release angle - 20 degrees 


(6) Release altitude - 1200 feet 

Find: 
(1) Horizontal distance of bomb travel 
(2) Time of fall of the bomb 


(3) Minimum recovery altitude for a 2.0g and 
4.0g pullout. 


Given quantities (1) through (4) indicate thet Figure 60 or 
69 should be used. Figure 60 corresponds to 2.0g pullout, 
Figure 69 to 4.0g pullout. We locate the point on the 
20-degree dive angle curve which corresponds to a 1200-foot 
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release altitude. The horizontal distance (range) the bomb 
will trabel is 2235 teet. The time of fall is between the 

big dash lines representing 5 and 6 seconds or approximately 
5.7 seconds. Using Figure 60 it can be seen that the recovery 
altitude during a 2.0g pullout is less than zero, for no pull- 
out recovery altitude curves intersect the 20-degree curve; 
therefore, for a 2.0g pullout this run cannot be made, For a 
4.0g pullout Figure ag is used and the minimum altitude during 
pullout; i.e., the pullout recovery altitude, is approximately 
145 feet. If one desired to pullout at a greater altitude, 
1.@., 200 feet, this drop could not be made at 1200 feet. 


b. Example 2: 
Given: 
(1) Bomb Mk 81 
(2) Mode - retarded 
(3) Ejection velocity - 0 fps 
(4) Release velocity (speed) - 300 knots 
(5) Release angle - 10 degrees 


(6) Safe arming time of the fuze - 5 seconds 


(1) Minimum release altitude so that the bomb 
will hit the target and be armed before 
impact 


(2) Recovery altitude for the aircraft using 
2.0g and 4.0g pullout. 


Given quantities (1) through (4) indicate that Figure 3 or 
Figure 12 should he used. Using Figure 3 the intersection of 
the S-second time-of-fall cuxve and the 1lO-degree dive éngle 
release:curve 1s located. The bomb can be dropped from any 
altitude above 560 feet; i.e., 560 feet is the minimum release 
altitude that can be used to hit the target and have the bomb 


fuze armed before impact. Using Figure 3 the recovery altitude 


corresponding to this minimum release altitude of 560 feet is 


determined to be 125 feet for a 2.0g pullout and using Figuro 12 


determined to be 310 feet for a 4.9g pullout, 
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c. Example 3: 
Given: 
(1) Bomb - Mk 82 
(2) Mode - unretarded, free fall 
(3) Ejection velocity - 10 fps 
(4) Aircraft speed (release velocity) - 450 knots 
(5) Release (dive) angle - 50 degrees 
(6) Safe-arming time - 6 seconds 


(1) Minimum release altitude so that the bomb 
will hit the target and be armed before impact 


(2) Recovery altitude for the aircraft using 2,0g 
and 4.09 pullout, 


Using Figure 96 the release altitude is approximately 4000 feet. 
The pullout recovery altitude corresponding to this altitude for 
a 2.0g pullout is non-existent, for the S50-degree release curve 
does not intersect any 2.0g pullout curve at a time below 6 
seconds, therefore, the aircraft will not be able to pullout 

from this dive. Using Figure 105, again there is no inter- 
section of the 50-degree release curve and the pullout recovery 
curves below the intersection of the 6-second curve and the 
SOQedegree release curve, It can be seen from Figure 105 that 
the 200-foot pullout poco ye: y altitude intersects the 50-degree 
release curve at 4100-foot altitude; therefore, if the bomb is 
dropped at this altitude or higher and 4,0g pullout initiated 
sae nea | on bomb release the aircraft will have a pullout 
recovery altitude of at least 200 feet and this drop can be 
made. For a 2.0 g pullout since no minimum pullout curve inter- 
sects the chan ety curve in Figure: 96 all that can be said is 
that the drop will have to be made above 10,000 feet with rio 
indication given as to how far avove 10,000 feet. 


d. Example 4: 
Given: 
(1) Bomb - Mk Bi 


(2) Mode - unretarded 
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(3) Ejection velocity - 10 fps 
(4) Release velocity - 200 knots 
(5) Release angle - 30 degrees 
(6) Safe arming time of fuze - 5 seconds 
Find: 


(1) Minimum release altitude so that the bomb 
will hit the target and be armea before impact 


(2) The recovery altitude of the aircraft corres- 
ponding to the minimum release altitude using 
2.0g and 4.0g pullout 


(3) The maximum altitude at which the bomb can be 
dropped and hit the target and the pilot see 
the target at release if the line «f sight to 
target is limited by a lead angle of 16 degrees 


Using Figure 73 to locate the intersection of tne 5-second time 
of fall curve and the 30-degree release curve, the minimum 
altitude at which the bomb can be dropped, hit the target, and 
arm is determined to be 1250 feet. The recovery altitude 

using 2.0g pullout is below 200 feet so this may be an unsafe 
drop. Using Figure 82 the recovery altitude for 4.0g pullout 
is approximately 650 feet. Using eitner Figure 73 or Figure 82 
the intersection of the 16-degree sight curve, which is indi- 
cat2d by long and short dashes, and the 30-degree release 

angle curve is located at 2050-foot altitude. For release 
altitudes greater than 2050 feet the pisot would not be able 

to see the target at the time of release, Assume the dive had 
been made at 60 degrees. tne l6-degree sight limit curve and 
the 60-degree release curve do not intersect; therefore, at 

any point on the 60-degree release curve up to an altitude ot 
10,000 feet the pilot can see the target. 


REMARKS 


10, The release curves presented in this report are based on 

a mathematical model which was programmed for the IBM 7090 
computer. The matematical mocel presented here is similar to 
one used at the Naval Weapons Laboratory (NWL), Dahlgren, Va. 
The program uses data processed by the NWL from drop tests con- 


ducted at the Naval Ordnance Test Station, China Lake, California. 


ll, The curves presented here are not intended to replace the 
ballistic tables but rather to present them in a more usable 
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form. Changes in draa of the weapon, pilot reaction time 
and aircraft pullout characteristics are the major areas 
where inaccuracies could be introduced, but unless there 
are radical changes, the curves will still be usable. 
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